Alcoholic beverages are known to have strong antibacterial activity. It is unclear, however, to what degree their consumption affects colonization of the human stomach with the bacterium Helicobacter pylori, a risk factor of various chronic diseases. The authors assessed the relation between alcohol consumption and active infection with H. pylori in a cross-sectional study among employees of a health insurance company and their household members (n = 425) in southern Germany. Quantitative information on alcohol consumption by beverage type and other factors that were known or suspected to be related to infection status was collected by a standardized questionnaire, and active infection was measured by the 13 C-urea breath test. After control for confounding factors, there was a monotonic inverse graded relation between alcohol consumption and H. pylori infection (p for trend = 0.017). The odds ratio of infection among subjects who consumed more than 75 g of alcohol per week compared with subjects who did not drink alcohol was 0.31 (95 percent confidence interval 0.12-0.81). The inverse relation with H. pylori infection was stronger for alcohol consumed in the form of wine than for alcohol from beer. Notwithstanding its cross-sectional design, this study seems to support the hypothesis that alcohol consumption, particularly wine consumption, may reduce the odds of active infection with H. pylori. Am J Epidemiol 1999;149:571-6.
The bacterium Helicobacter pylori is one of the world's most common pathogens. Colonization of the human stomach with H. pylori is the main cause of chronic gastritis and is strongly associated with other chronic diseases (1) . The infection is acquired in childhood in most cases (2, 3) , but acquisition and elimination of the infection occur throughout adulthood, although the rates appear to be low in developed countries (4) .
Little is known about factors that might affect acquisition or elimination of the infection among adults. One factor that is of particular interest in this context is alcohol consumption: Alcoholic beverages have a strong antimicrobial activity, as has been shown both in vitro and in vivo (5) (6) (7) . Furthermore, they have diverse dose-and beverage type-specific effects on the gastric mucosa, on the emptying of the stomach (8) , and on gastric acid secretion (9) that may affect the living conditions of H. pylori in the stomach.
Several studies have addressed the relation of alcohol consumption to H. pylori infection, and they have yielded inconsistent results (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . No association was seen in population-based studies in which infection status was measured by serum immunoglobulin G antibody levels (10) (11) (12) (13) (14) (15) . Serologic tests are suboptimal, however, for assessing factors that might affect elimination of the infection because they may remain positive over prolonged time periods after elimination of the infection (1) . Clinical studies in which active infection was determined by histopathology or culture among patients who underwent gastroscopy likewise did not find an association (16) (17) (18) (19) . Most of these studies had limited power due to small sample size (16) (17) (18) , however, or were limited by crude assessment of alcohol consumption (such as a simple dichotomization of drinkers and nondrinkers) (17, 18) or failure to adjust for sociodemographic and lifestyle factors that might confound the results (16, 17) . Furthermore, patients included in these studies typically suffered from major gastrointestinal disorders. Some of these patients may have changed their alcohol consumption subsequent to the development of those disorders.
To avoid this problem, we excluded patients with major gastrointestinal disorders from the analysis in a study that we recently carried out among 447 consec- utive outpatients of a general practitioner who were aged 15-79 years (20) . In this study, in which current infection with H. pylori was measured by the l3 C-urea breath test, a clear inverse graded relation emerged between alcohol consumption and H. pylori infection after control for confounding variables by multivariable analysis. This relation was seen for both alcohol from beer and alcohol from wine.
So far, to our knowledge, no study has assessed the relation of alcohol consumption with current H. pylori infection in population samples. In this study, we assessed this relation in a sample of healthy adults recruited in an occupational setting.
MATERIALS AND METHODS

Study design and study population
All employees of a health insurance company in the city of Ulm, Germany, and their household members aged 5-69 years were invited to participate in a crosssectional study. Participation was voluntary, and informed consent was obtained in each case. The study was approved by the Ethics Board of the University of Ulm.
The current analysis is restricted to employees and household members age 15 years and older who were of German nationality. We excluded children and adolescents below age 15 who rarely drink alcohol regularly and among whom a different questionnaire (filled out by the parents) was used. Individuals of a foreign nationality were excluded to avoid language problems. We further excluded subjects with a history of gastric or duodenal ulcer, since they might have changed their alcohol consumption due to their gastrointestinal problems. To avoid false-negative test results, we additionally excluded patients with a history of H. pylori treatment and those under current antibiotic treatment.
Data collection
Employees were enrolled in the study at the headquarters of the health insurance company in November 1996 during working hours. Active infection with H. pylori was determined by the l3 C-urea breath test. First, an initial breath sample was collected in a plastic bag. The employees then received 200 ml of apple juice (pH 2.2-2.4), which contained 75 mg of 13 C-urea (Mass Trace, Wobum, Massachusetts). Thirty minutes later, a second breath sample was collected. The breath samples were analyzed with an isotope-selective, nondispersive, infrared spectrometer (WagnerAnalytical Systems, Bremen, Germany). A change in the Xi COJ l2 CO 1 ratio over baseline of more than five per thousand was considered to indicate active infection. Sensitivities and specificities of the 13 C-urea breath test close to 100 percent have consistently been reported, suggesting that the test is the gold standard in subjects for whom endoscopy is not indicated (1, (21) (22) (23) .
Employees filled out a standardized questionnaire between collection of the first and the second breath samples. The questionnaire included questions on current alcohol consumption (average amount of different alcoholic beverages per week, expressed in terms of the number of typical consumption units in southern Germany) and other factors that were suspected to be potentially related to H. pylori infection, including sociodemographic factors and other lifestyle habits.
Employees were given a urea breath test kit and a standardized questionnaire for each household member to be used at home by following simple instructions in the same manner as described above for the employees. These materials were collected at the workplace during the following workday.
Statistical analysis
The study participants were first described with respect to basic sociodemographic factors and thenalcohol consumption habits. The average total and beverage-specific weekly alcohol consumption was calculated assuming that half a liter of beer or onequarter liter of wine contain 25 g of ethanol (typical consumption units and alcohol contents of beer and wine in southern Germany) and that the alcohol content of one unit of liquor (0.02 liters) is approximately 8 g of ethanol.
We then assessed the prevalence of infection with H. pylori among employees by levels of alcohol consumption (none, ^75 g/week, and >75 g/week; the cutpoint for categorization of drinkers reflects the median alcohol consumption in this population). The association between alcohol consumption and active infection with H. pylori was quantified by crude and adjusted odds ratios and their 95 percent confidence intervals. Adjustment was made by logistic regression with the employee's infection status as the dependent variable and alcohol consumption and the following potential confounders as the independent variables: age (in years), sex, school education (<9, 10-12, and >12 years, reflecting standard categories of the German school system), smoking (never, former, and current), and coffee consumption (none, <2, and >2 cups per day). The latter two covariates were controlled for because of their known correlation with alcohol consumption habits. Additional analyses were carried out in which alcohol consumption from beer and from wine (the two main sources of alcohol in this population) were included as separate variables in the same model to assess beverage-specific effects. All analyses were carried out with the SAS statistical software package (24) .
A basic assumption in multiple logistic regression is the independence of observations. This assumption is likely to be violated to some extent in our study due to the correlation of observations within households. We therefore carried out additional analyses in which this correlation was taken into account using the generalized estimation equation approach of Liang and Zeger (25, 26) . However, the results did not differ materially from those obtained with the more-familiar logistic regression, and therefore, only the latter are reported.
RESULTS
Overall, 211 of 276 eligible employees (76.5 percent) and 253 members of their households aged 15-69 years participated in the study. After exclusion of individuals with foreign or unknown nationality (n = 19), history of gastric or duodenal ulcer (n = 15), previous treatment for H. pylori infection (n = 1), or current antibiotic treatment (n = 4), a final sample of 425 persons remained for analysis. • Information on school education was missing for two subjects, t Or ongoing school education.
Basic sociodemographic characteristics of the study population are given in table 1. A slight majority (55.3 percent) of study participants were women. The mean age was 35.3 years, and most subjects (89.4 percent) were less than age 55 years. About half of the subjects had a medium level of school education. Table 2 provides information on alcohol consumption in the entire sample. About half of the subjects reported drinking beer (50.6 percent) and wine (46.8 percent), respectively, but beer, which was consumed in much larger amounts, was by far the most important source of alcohol in this study population. Spirits provided only a very minor contribution to overall alcohol consumption. As shown in table 3, alcohol consumption varied greatly by age and sex. Alcohol consumption was least common in the youngest age group, and men drank much more alcohol than did women.
Overall, 71 among 417 individuals with complete information on the amount of total alcohol consumption (17 percent) were infected with H. pylori, with little variation between categories of alcohol consumption (table 4). The relation between alcohol consumption and infection was strongly confounded by age and gender, however. After control for these factors, consumption of 75 g or less and more than 75 g alcohol per week was associated with a 37 and 66 percent reduction of the odds of H. pylori infection, respectively, compared with abstinence from alcohol (p for trend = 0.024). Control for additional covariates did not materially alter the results. If anything, the observed relation was strengthened further. The multivariable analysis also revealed a strong association of the infection with age (odds ratio per 10-year increase in age = 2.06, 95 percent confidence interval 1.58-2.68) and gender (odds ratio for men compared with women = 2.00, 95 percent confidence interval 0.93-4.29). Furthermore, there was an approximately twofold increased odds of H. pylori infection among subjects who reported drinking coffee compared with those who did not (odds ratios for consumption of 2 or less and more than 2 cups of coffee per day = 2.13 and 1.76, respectively). Smoking and H. pylori infection were unrelated in this sample (odds ratios for current smokers and former smokers compared with nonsmokers = 0.81 and 1.12, respectively).
The inverse graded relation between alcohol consumption and H. pylori infection was particularly strong for alcohol consumed in the form of wine (table  5) . Although a monotonic inverse graded relation was also seen between alcohol consumption from beer and H. pylori infection, this relation was weaker and was not statistically significant.
DISCUSSION
This study among healthy employees and their household members reveals an inverse graded relation between alcohol consumption, in particular, alcohol consumption in form of wine, and active infection with H. pylori. These findings confirm and extend the results of another cross-sectional study we recently carried out among patients of a general practitioner in southern Germany to assess the relation of H. pylori infection to a variety of medical conditions (27, 28) . The latter study had also found an inverse graded relation between alcohol consumption and active H. pylori * Alcohol consumptions of beer and wine were included as separate independent variables in the same model. Odds ratios are adjusted for alcohol consumption from another source and for sex, age, school education, smoking, and coffee consumption.
t Information on the amount of alcohol consumption from beer and wine was incomplete for two and six subjects, respectively.
t Reference category. § p value for trend in multivariable analysis.
infection that was somewhat stronger for alcohol from wine than for alcohol from beer (adjusted odds ratios for consumption of 75 g or less and more than 75 g alcohol per week compared with abstinence = 0.90 and 0.33, respectively) (20) . The consistency of results in both studies is reassuring. Furthermore, the possibility of bias due to disease-related changes of alcohol consumption is even less likely in the current study, which was conducted among healthy adults in an occupational setting, than in our previous study. In contrast to these studies, most previous studies did not find an association between alcohol consumption and H. pylori infection. There are several reasons that might explain this apparent discrepancy.
To our knowledge, ours are the only two studies reported to date that address the impact of alcohol con- (1) and may, therefore, be suboptimal for detecting effects of lifestyle habits that might enhance elimination of infection in adulthood. The studies using biopsy-based diagnoses have to be interpreted with caution, as they were typically restricted to patients with gastrointestinal diseases that were severe enough to warrant gastroscopy. Some of these patients may have changed their alcohol consumption because of their gastrointestinal problems, which may bias cross-sectional associations of alcohol consumption with infection status. To avoid this type of bias, we excluded subjects with a history of peptic ulcer from our analyses. Several previous studies examined bivariate associations between alcohol consumption and infection status only, without control for potential confounders (13, 16, 19) . Our analysis reveals, however, that control for confounding is essential. In particular, the inverse dose-response relation between alcohol consumption and H. pylori infection would have remained entirely undetected without control for age and sex at the least.
There are several mechanisms by which alcohol may affect the living conditions of H. pylori in the stomach. Alcoholic beverages are known to have multiple direct and indirect effects on the gastric mucosa, on gastric emptying (8) , and on gastric acid secretion (9) . In particular, moderate alcohol consumption may invigorate the mucosal defense by its effects on prostaglandins (29) . Last, but not least, alcoholic beverages are known to have strong direct antibacterial activity (5-7). The inverse association between alcohol consumption and active infection with H. pylori therefore appears to be biologically plausible. Recent studies suggest that chronic H. pylori infection and the associated inflammatory response may be risk factors for coronary heart disease (CHD) (30) (31) (32) . Furthermore, there is now consensus that moderate alcohol consumption lowers the risk of CHD, but the mechanisms underlying this association are not fully understood (33) . The results of our study would be consistent with the hypothesis that the protective effect of alcohol on CHD might at least partly be mediated by the impact of alcohol consumption on active H. pylori infection. This hypothesis requires further study.
Although our study was larger than the majority of previous studies that addressed the relation of alcohol consumption with active H. pylori infection, it had limited power to assess beverage-specific effects (which may explain the lack of significance of the relation between alcohol consumption from beer and H. pylori infection) or to assess interactions between alcohol consumption and other risk factors. Furthermore, while current alcohol consumption was ascertained in a quantitative manner, there was no information on drinking patterns and past drinking habits, which should also be relevant. We further believe that, as in most other studies, alcohol consumption may have been somewhat underreported. Information on alcohol consumption was given before the infection status was known, however, and potential underreporting should have been nondifferential with regard to infection status, that is, it should have been similar among infected and uninfected subjects. This type of underreporting could not have erroneously produced the patterns observed in our study (34) . The same applies to potential changes of alcohol consumption due to dyspeptic symptoms that were unrelated to H. pylori infection in this sample.
Therefore, despite its limitations, our study seems to support the hypothesis that alcohol consumption may reduce the odds of active infection with H. pylori. Further studies involving larger numbers of subjects should address in more detail the impact of additional factors, such as drinking patterns, the type of alcoholic beverages consumed, lifetime history of alcohol consumption, and potential interactions between alcohol consumption and other factors that might affect active H. pylori infection among adults.
